Abstract miRNAs (microRNAs) are recently discovered regulators of gene expression. They target mRNAs that contain partially complementary sites to the miRNA. The level of complementarity is different between target site-miRNA pairs, and finding target genes has proved to be a bigger challenge than expected. The present paper reviews the different approaches to predict and experimentally identify genes targeted by miRNAs.
Introduction miRNAs (microRNAs) are non-coding short (21-22 nt) RNA molecules that suppress the expression of proteincoding genes [1] . miRNAs fine-tune the expression of their target gene rather than switching off their expression completely. It is now clear that they play an important role in many physiological processes, such as development, differentiation, proliferation, apoptosis, tumour formation, metabolism and disease development [2] . miRNAs are incorporated into a protein complex called the RISC (RNA-induced silencing complex) and take this complex to target mRNAs that contain sequences partially complementary to the miRNAs. Target sites of animal and human mRNAs are usually at the 3 -UTRs (untranslated regions), although there are examples of target sites in the coding region as well [3, 4] . The flanking regions can also influence accessibility of the target sites [5] [6] [7] . miRNAs primarily suppress translation of target genes and the mRNA level of several targets is not affected by miRNA targeting. However, many target mRNAs are also repressed at the steady-state level, and these targets can be identified by profiling mRNAs instead of proteins [8] [9] [10] [11] [12] [13] .
Target prediction
One would expect that it is easy to find targets of miRNAs if they complementary to each other, since many complete genome sequences are available. BLAST or similar programs could find complementary regions to the miRNA once the sequence of the miRNA is known. In the plant kingdom, it is generally true; however, animal and human miRNAs are not perfectly complementary to their targets. The level of homology between an miRNA and its target varies between target sites and miRNAs. It was shown that the best homology, very often complete complementarity, is at the so called seed sequence, which is the region of 2-8 nt at the 5 region of the miRNA. On the basis of the number and position of mismatching nucleotides between the miRNA and its target site, there are three groups of target sites [14] . 5 -Dominant Key words: antimir, antagomir, microRNA (miRNA), RNA-induced silencing complex (RISC), target prediction program. Abbreviations used: miRNA, microRNA; RISC, RNA-induced silencing complex; UTR, untranslated region. 1 email t.dalmay@uea.ac.uk canonical target sites show perfect complementarity to the seed sequence of the miRNA (nucleotides 2-8) and extensive base-pairing to the rest of the miRNA [14] . 5 -Dominant seed-only target sites are also perfectly complementary to the seed sequence, but have limited base-pairing with the rest of the miRNA [14] . 3 -Compensatory target sites do not have a perfect match to the seed sequence, but are compensated by extensive base-pairing with the 3 half of the miRNA [15] .
Several target prediction programs have been developed to provide candidate target genes for miRNAs. These programs use slightly different parameters and, because of this, they preferentially find one of the three kinds of target site. That is why it is not surprising that the list of putative target genes for a given miRNA predicted by different programs is quite different [14] . This suggests that there are either many false positive or many false negative predictions made by these programs. False positives are predicted but not true targets, and different programs could predict different false positives. In this case, the difference between the lists of putative targets predicted by different programs would be the false positives, and the real targets could be the ones that are predicted by more than one program. However, it is also possible that the predictions contain many false negatives, which are not predicted by a program, although they are true targets. In this case, the differences between the lists are the genes that are true targets, but only predicted by one program and not the other. It is not known at the moment whether there are more false positive or false negative predictions. It is also not known which prediction program is better than the other. In reality, the most likely scenario is that all programs have both false positive and negative predictions, therefore it is difficult to prioritize predicted targets. Most researchers use additional criteria such as expression pattern and known or predicted function of putative target genes to select the best candidates for validation.
Nevertheless, these target prediction programs are very useful to identify potential targets that can be validated experimentally [16] .
Experimental target identification by overexpression of miRNAs
Since target prediction is not straightforward, researchers have also looked for other approaches for identifying targets that are based on experimental data. These approaches usually involve the manipulation of miRNA activity. The first such study expressed miR-1 and miR-124 in HeLa cells, where these miRNAs are not normally expressed. This led to repression of many genes at the mRNA level [17] . Delivery of miR-124, which is specifically expressed in the central nervous system, caused the mRNA expression profile to shift towards that of brain and the expression of miR-1, a muscle-specific miRNA, shifted the profile towards that of muscle. Genes down-regulated as a consequence of miRNA overexpression can be either direct (primary) or indirect (secondary) targets. Indirect targets are regulated by the direct targets. The 3 -UTRs of mRNAs that were downregulated by the miRNAs showed a significant enrichment for target sites of miRNA-1 and miR-124, suggesting that many of these messages were direct targets.
Experimental target identification by down-regulation of miRNAs
Activity of miRNAs can be silenced temporarily by applying short oligonucleotides complementary to miRNAs (antagomir or antimir). The rationale for this approach is that antagomirs/antimirs bind to the mature miRNAs and block them from binding to the target site. Ordinary oligonucleotides cannot bind strongly enough to miRNAs to achieve this, since there is a step in miRNA biogenesis that unwinds miRNA/miRNA* duplexes. Antagomirs are 2-O-methyl oligoribonucleotides [18] and antimirs are LNA (locked nucleic acid) nucleotides containing oligodexoxyribonucleotides [19, 20] . Both modifications enable the oligonucleotides to bind strongly to mature miRNAs and suppress their activity. Silencing of miRNA activity by antagomirs or antimirs resulted in derepression of many messages [14, 19] . Antimirs have been successfully used in primates where antimir-122 antagonized the liver-specific miR-122 [20] . This approach can be used to identify target genes, but also promises novel therapeutics based on antimir technology. miRNA activity can also be suppressed in a stable manner by knocking out the miRNA gene. In recent studies, several miRNA genes were knocked out in mice, and analysis of mRNA profiles of these mice led to identification of genes such as Irx5 (miR-1), Bim (miR17-92) and THRAP1 (thyroid hormone receptor associated protein 1) (miR-208) [21] [22] [23] .
Experimental target identification by combining overexpression and down-regulation of miRNAs
The two previous approaches (overexpression and suppression of miRNAs) were combined to identify targets of the cartilage-specific miR-140 [24] . miR-140 was overexpressed and silenced by antimir separately in the same cell line that normally expresses miR-140. The advantage of this approach is that it uses cells where the miRNA is normally expressed, therefore targets identified through this approach are probably biologically relevant. The intersection of mRNAs that were repressed or derepressed upon miRNA overexpression and silencing respectively was relatively small in this cell line. However, the identified mRNAs were enriched for miR-140 target sites, suggesting that this method is feasible for experimental identification of direct miRNA targets. Interestingly, none of the identified 21 targets was predicted by any of the available target prediction programs, indicating that target predictions have a significant number of false negatives [25] .
Experimental target identification through RISC purification
Recently, two studies reported biochemical purification of RISCs using antibodies against the Argonaute-2 protein, which is the key component of RISC. miRNA targets were identified by extracting mRNA from the purified complexes and using microarray hybridization or sequencing [26, 27] . This technique can identify all miRNA targets of a cell, since all RISCs are purified by the antibody. Overexpression of an miRNA before RISC purification increases the proportion of mRNAs targeted by the overexpressed miRNA, and this approach was used to identify targets of specific miRNAs [26] .
Conclusion
Target identification of miRNAs is a challenging, but important, task. There are several approaches available for target hunters, including bioinformatic predictions and experimental techniques. The best route is probably a combination of these approaches and is influenced by the experimental object and system. Identifying and validating more targets will inevitably help to improve the predictions and our understanding of the biological role of miRNAs.
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